A total of 40 castrated male pigs of the Spanish autochthonous Chato Murciano breed were used for this study to evaluate the influence of two diets. One group of 20 pigs was fed with a high protein/low fat (HP/LF) diet and slaughtered with life weight (LW) of 125.03 kg. The other group of 20 pigs was fed with a low protein/high fat (LP/HF) diet and slaughtered with 121.91 kg LW. The effects of diet on carcass and meat quality traits were studied. Meat samples were taken from the longissimus lumbar (LL) muscle. The HP/LF diet produced a faster growing rate and higher daily weight gain, and measurements in the LL muscle showed higher values of ultimate pH (pHu), colour parameters, and higher content in Ca, Mg, Zn, K and Na. The LP/HF diet led to higher values of Fe and Cu. The difference in the LL muscle intramuscular fat (IMF) levels was noteworthy, with values of 3.21 % in the HP/LF group and 11.00 % in the LP/HF group; however, the dorsal fat thickness measurements showed no differences. The fatty acid composition of the IMF was 42.43 and 42.29 % of saturated fatty acids (SFA), 50.34 and 51.35 % of monounsaturated fatty acids (MUFA) and 7.20 and 6.24 % of polyunsaturated fatty acids (PUFA) for the HP/LF group and LP/HF group respectively, with only statistically significant differences in the MUFA levels (P≤0.05). 
dem LL-Muskel dieser Gruppe verglichen mit den Ergebnissen der LP/HF-Gruppe höhere pH-Werte (pHu), höhere Farbparametern (L
Introduction
In the last years, in Europe, autochthonous breeds and animal welfare has received growing attention. Many »old« regional breeds, like the Chato Murciano pig in the Region of Murcia (south-east Spain), had traditionally supplied a high sensory and nutritional meat with an important socio-economic influence, and were traditionally reared in an extensive or semi-free system. With the arrival of the commercial cross-breeds, many of these »old« breeds were substituted, because of their productive capacity and the changes in consumer habits, as they looked for a leaner meat.
It would be advisable to conscientiously evaluate the role and values of the traditional farming systems in the development of local breeds and their typical products. The Chato Murciano pig is a magnificent transformer of a great variety of food, such as farming subproducts and the residues produced in normal crop rotation, as well as domestic leftovers from family farms in the huerta (market garden) and irrigated areas (PEINADO et al. 2001) . This breed stands out because of its rusticity; it is genetically adapted to the local conditions and extensive production systems, and undergoes few welfare problems. Nowadays, the Chato Murciano pig is commonly reared indoors (conventional intensive system), but also in outdoor systems, and in all cases, they receive commercial fodder.
For many years there has been a strong interest in modifying animal fat composition through feeding to meet the dietary recommendations for humans (PFEUFFER 2001, VACLAVKOVÁ and BÉCKOVÁ 2007) . However, meat with a high content of PUFA may lead to meat and meat products which can be characterised as »soft«, and therefore of inferior quality, and with the added problem of higher susceptibility to oxidation, that reduces the self life of the product.
The nutritional status of an animal can greatly influence skeletal muscle growth (RUUSUNEN et al. 2006) . Many studies have shown that a high-protein diet results in higher weight gain, higher carcass lean meat content and lower fat content than do lowprotein diets (CHIBA et al. 2002 , WOOD et al. 2003 , TEYE et al. 2006 .
The aim of this work was to investigate the effect of two different diets (HP/LF vs. LP/HF) on carcass and morphometric parameters, meat quality and mineral and fatty acid composition in pigs of the breed Chato Murciano pure.
Material and methods
The animals used in this study were 40 Chato Murciano pigs, all castrated males, divided into two groups both fed ad libitum, but with two different diets. One group, of 20 pigs, was fed with a high protein/low fat diet (HP/LF group), and the other group of 20 pigs was fed with a low protein/high fat diet (LP/HF group). The animals began to receive the diets at the age of 100 days until departure to slaughterhouse. Ingredients and chemical composition, and nutritional analysis of the diets are shown in Table 1 . The animals were bred in an outdoor system, at the Experimental Station of the Murcian Institute of Agricultural and Alimentary Research and Development (IMIDA) in the Levante region of Spain. All pigs were weighed periodically, from the age of 100 days until the day of departure to slaughter. The animals were slaughtered at different ages, considering proximity to 120 kg of live weight as the criterion to slaughter them, because this is the slaughter weight traditionally used. The experimental animals were kept, maintained and treated in adherence to accepted standards for the humane treatment of animals. The pigs were sent to a commercial slaughterhouse the day before slaughtering, without mixing animals from the two groups at any moment, and trying to minimize stress. The slaughter was realised following the Spanish Regulations (B.O.E. 12/03/1993). Carbon dioxide for stunning of animals was used just before bleeding. The variables which are used to evaluate carcass and meat quality were measured 45 min post mortem and after 24 h at 4 °C: hot and cold (after 24 h) weights of the carcass and the colour coordinates L * (luminosity index), a * (red index) and b * (yellow index) of the CIELab system were measured on LL muscle. Several morphometric parameters like carcass length (CL), hand length (HL), leg length (LgL), ham length (HmL), maximum perimeter of the ham (HmP) and wrist perimeter (WP) were measured on the hanging right half of the carcass at 45 min post mortem following the method described by PEINADO et al. (2004) . The dorsal fat thickness (DFT) was measured with a gauge (Mod CD-15DC, Mituloyo Ltd., England) at the level of the first rib (DFT1), the last rib (DFT2), the craneal extreme of the gluteus medius in the area of the thickest dorsal fat (DFT3), and in the area of the least dorsal fat thickness (DFT4) of the gluteus medius ( PEINADO et al. 2004) .
The carcass was quartered using traditional Murcian methods, in the plant of a collaborating meat industry firm. The cuts of meat studied (tenderloin, loin head, loin, shoulder blade and ham with bone) were weighed using calibrated scales sensitive to 100 g (POTO 2003) .
The study of the intramuscular fat content of the LL muscle was performed using the method described in the ISO 1443 (1979) norm, with the Soxhlet extractor. The samples were taken at 45 min post mortem, and the values obtained expressed as a percentage of the weight in g (POTO, 2003) . The fatty acids composition of the intramuscular fat of the LL muscle was determined following the protocol from SCHULTE and WEBER (1989) .
For the determination of the mineral composition (Ca, Mg, Fe, Cu, Zn, P, Mn, K, Na) approximately 1 g of meat was dry ashed in a Furnace oven (Nabetherm, model L9/12/S27, Germany). The results obtained for each mineral were expressed in mg/100 g of raw meat. Each sample was analysed in duplicate. The analysis of the certified reference material BCR 184 (bovine muscle) was used to assure the accuracy of our procedure.
For the statistical analysis of the data obtained the program Stat graphics Plus for Windows Version 2.1 was used. Data were expressed as mean ± standard deviation. A Scheffe Test was carried out to ascertain significant differences (P≤0.05) between samples. Pearson correlation coefficients were evaluated to describe the relationship between the different parameters studied.
Results and discussion
The pigs were slaughtered with similar live weights and ages (Figure 1) The live weight as a function of age from day 100 to day 212 in the two groups of pigs is represented in the Figure. As expected, the group with the HP/LF diet showed a clearly faster growing rate (P>0.05), with a daily weight gain (DWG) of 750 g/d, than the group with the LP/HF diet, which had a DWG of 698 g/d. Several authors have obtained similar results; pigs fed with low protein diets showed lower growth rates compared to those fed with high protein diets (SAGGAU et al. 2000 , WOOD et al. 2004 , TEYE et al. 2006 , RUUSUNEN et al. 2006 . The weights of the hot carcass and the most valuable meat cuts are represented in Table 2 . It should be noted that the hot carcass yield was significantly higher (P>0.05) in the LP/HF group, by contrast with the results obtained by WOOD et al. (2004) . In their studies the hot carcass yield was similar with both diets, showing a tendency to a lower carcass yield with the low protein diet. The HP/LF group produced heavier hams with bone (P>0.05), which is the most valuable piece in this breed, due to the subsequent production of the typical Spanish »Jamón curado« (cured ham). As expected, high correlations (P≤0.05, P≤0.01) were found in both groups between the live weight and weight of hot carcass and many of the most valuable meat cuts (Table 2) . In the Table 3 the levels of dorsal fat thickness (DFT) are shown; these values are considered to be high, and caused to a large extent by the rusticity of the breed. Even though there are no significant differences, the HP/LF group had higher dorsal fat thickness (DFT) values. These values were unexpected, and contrary to those obtained in other studies with commercial breeds (WOOD et al. 2004 , TEYE et al. 2006 , where the rich protein diets produced lower DFT. The statistical correlations between the different DFT values were very strong in both groups (P≤0.01). The morphometric parameters were very similar in both groups (Table 2) , and no significant differences were found. The intramuscular fat content (IMF) in the LL muscle ( (WAGNER et al. 1999) and special feeding and rearing conditions (LEBRET et al. 2002 , ROSENVOLD and ANDERSEN 2003 , KUSEK et al. 2005 , NUERNBERG et al. 2005 . In this study, the only different factor between the two groups was the diet, and therefore this has to be considered as what produced the big differences in IMF content. The different lysine content of diet (0.86 vs. 0.74 %) could have had an influence; results from other authors (WITTE et al. 2000) pointed out the relationship between the reduced lysine content of diet and a higher IMF content. FERNANDEZ et al. (1999) indicated that levels over 3.5 % are associated with a significant risk of meat rejection by consumers (referred to fresh meat). Nonetheless, the meat of the Chato Murciano pig is often destined to the production of cured meat products, where high IMF levels offer good technological and sensorial properties. REIXACH (2004) indicated levels of 3.5-4 % as the optimal IMF content for fresh meat destined for cured products.
The pH values (Table 4 ) are considered to be normal. There were only significant differences in pHu, with lower values for the LP/HF group. These results are similar those obtained by FLIS et al. (2007) , who don't found differences between different diets offered to the pigs. Table 4 shows the results of colour measurement (L*, a*, b* indexes) in the Longissimus lumbar muscle. In all indexes, measured at 45 min and 24 h post mortem, the group HP/LF showed higher values than the LP/HF group. However, these results are contrary to those obtained by TEYE et al. (2006) , who found higher values of L*, a* and b* in the same muscle in the group with the low protein diet, and RUUSUNEN et al. (2006) who found higher a* values. Even if there were differences in the mineral content that could produce any changes in the colour, the great difference found for the IMF levels might produce those changes in the colour of meat (though no statistical correlations were found). In those animals of the group LP/HF, where the IMF were very high, we observed a great marbling of the meat (not scored, subjective impression).
The LL muscle mineral composition of the two groups studied is represented in Table 5 . The diet has a remarkable influence on the meat mineral levels. The group that received the HP/LF diet showed significantly higher levels of Ca, Mg, Zn, K and Na, and significantly lower levels of Fe and Cu. These differences had to be ascribed to the diet. When we studied the composition of the diet offered to the animals (Table 1) , we found that the HP/LF diet had lower levels of Ca and Na, but, surprisingly, the animals which received this diet had higher levels of these minerals in meat. Similarly, the LP/HF diet had lower levels of Cu and P, but their content in muscle was higher than in the other group. These contradictory results mean that not only is the chemical composition of food is important; many other factors like ingredients of that diet, and the chemical form in which these elements are presented may increase or decrease their presence in the body and muscle. In addition, the homeostatic mechanisms of the body usually are also able to keep the different mineral levels within a proper range (MILLAR 2000) . Information about the contents of other minerals in the diet (such as Fe, Mg, Zn, K) was not available. Previous papers about the mineral composition of the LL muscle in the Chato Murciano breed pure and crossed with other breeds show similar results , especially to those of the LP/HF group. Taking into account the mineral levels described in food composition tables (MATAIX 2003 , CESNID 2004 and different researchers' studies (LEONHARDT and WENK 1997, LOMBARDI-BOCCIA et al. 2005) it can consider that the levels of Fe, Cu and P in our study were high, and the levels of the other minerals can be considered normal. Particularly interesting and noteworthy are the high levels obtained for iron and copper because of the role of meat in the supply of these elements in our diet. The breed used (whose muscular cells have a high oxidative metabolism, POTO 2003); the diet (especially for the LP/HF group) and the age of slaughter (in this study the pigs were slaughtered at 11 months of age, when usually it is 5-6 months for commercial pigs) can explain these high levels. From the correlation coefficients found between the minerals and with other parameters, no conclusions could be pointed out.
The fatty acids on the LL muscle are represented in Table 6 . The levels found were quite similar and only those for C20:4 and the MUFA were statistically different (P≤0.05). The influence of diet in the fatty acid composition of fat is already known (WOOD et al. 2003 , EDWARDS 2005 , NUERNBERG et al. 2005 , TEYE et al. 2006 , VACLAVKOVÁ and BÉCKOVÁ 2007 , and diet must have produced the differences found in this study. In the LP/HF group as a tendency and in the HP/LF group as statistically significant, the IMF content showed a positive correlation with the level of SFA and negative with the level of PUFA. The increase of the DFT2 showed a positive correlation with the SFA content and a negative one with the PUFA in both groups, but only as a tendency (not significant). This relationship between the amount of fat (in the IMF, but in the DFT too) and fatty acid levels agrees with the results of other authors (WOOD et al. 2004 , GALIAN et al. 2005b , FISCHER et al. 2006b ).
All differences showed are due to diets effect, because Chato Murciano pig has high inbreeding.
The present study showed that HP/LF or LP/HF, in the feeding of the Chato Murciano pigs, influences the growing rate and final live weight in relation to age, but morphometric parameters were similar.
The characteristics of the carcass and the meat are also influenced by the diet. Colour index values and pHu were higher in the LP/HF group. The levels of minerals were influenced by diet, where the HP/LF group had higher levels of Fe and Cu, but lower levels of Ca, Mg, Zn, K and Na. The diet had a great influence in the levels of IMF in the LL muscle, but not in the DFT; the levels of IMF have to be specially considered in the production of cured products. The FA composition was affected by the diet too; the high fat diet produced higher values of MUFA, but no significant differences were found on SFA and PUFA contents.
In Spain, meat with a high degree of intramuscular fat is well considered, and even more, that meat destined for cured products. Therefore, the meat from Chato Murciano pigs, often destined for the manufacture of cured products, will be expected to produce good quality processed products because of the very high levels of intramuscular fat, and because of its fatty acids profile.
